Recently there has been considerable interest in transcriptional 15-Lipoxygenase-1 (15-LO-1) is expressed at higher levels regulation by histone acetylation. For example, HDAC inhibin human colorectal tumors compared with normal tissue.
itors modulate the expression of several genes, such as γ-globin 15-LO-1 is expressed in cultured human colorectal cells, (13), p21 WAF1 (14), gelsolin (15) and myb (16) in cultured cells but only after treatment with sodium butyrate (NaBT),
To examine whether expression of 15-LO-1 is regulated by which also stimulates apoptosis and cell differentiation. We histone acetylation, expression of 15-LO-1 was measured by examined the regulation of 15-LO-1 in human tissue and northern analysis after treatment of the colorectal carcinoma the colorectal carcinoma cell lines Caco-2 and SW-480 by cell lines Caco-2 and SW-480 for 24 h with the HDAC treatment with histone deacetylase (HDAC) inhibitors:
inhibitors NaBT, trichostatin A (TSA) (17) and HC toxin (18). splicing. Since hypermethylation in a promoter region of a Histone proteins in colorectal cells were acetylated after gene can be related to HDAC activity (21), we measured treatment with HDAC inhibitors. Histone acetylation was expression of 15-LO-1 after treatment with the demethylating also measured in human colorectal tissue and a correlation agent 5-azacytidine. However, no induction of 15-LO-1 was was observed between increased histone acetylation and observed in either cell line treated with 500 nM 5-azacytidine 15-LO-1 expression. Thus, regulation of 15-LO-1 expression ( Figure 1A ). in colorectal tissues appears to occur by a novel and new 15-LO-1 protein expression was estimated after treatment mechanism associated with histone acetylation. Moreover, with HDAC inhibitors by Western analysis using an antibody these results suggest that 15-LO-1 is a marker that reflects specific for 15-LO-1. The cells were cultured with or without histone acetylation in colorectal carcinoma.
HDAC inhibitors for 48 h, then harvested and lysates prepared. After treatment of Caco-2 and SW-480 cells with the HDAC Reticulocyte-type 15-lipoxygenase (15-LO-1) oxidizes C18 inhibitors a 72 kDa immunoreactive band was detected in fatty acids such as linoleic acid (1), lipoproteins (2) and also these cell lysates ( Figure 1B ). more complex substrates such as biomembranes (3) . 15-LO-1
Since 15-LO-1 expression was increased by HDAC inhibis expressed during distinct stages of reticulocyte development itors, we investigated whether HDAC inhibitors can stimulate (4), in macrophages of atherosclerotic lesions (5) and in the activity of the 15-LO-1 gene promoter. Two different promotereye lens during organelle degradation (6). These findings reporter constructs, -628/-23pGL2 and -331/-23pGL2, were suggest that expression of 15-LO-1 is associated with maturaused for this study ( Figure 2A ). We also used the pGL2-Basic tion, senescence, membrane degradation and atherosclerosis.
reporter plasmid, which lacks the promoter region of 15-LOWe recently demonstrated expression of 15-LO-1 in human 1, as a negative control. The relative luciferase activity and colorectal carcinoma tissue (7) and in human colorectal carcinfold activation by HDAC inhibitors were determined in Cacooma Caco-2 cells during sodium butyrate (NaBT)-induced 2 and SW-480 cells incubated with each of the three HDAC apoptosis and cell differentiation (8). Understanding the reguinhibitors. Fold activation using the pGL2-basic reporter was latory mechanism for 15-LO-1 gene expression may provide HC toxin, respectively, in Caco-2 cells, while 1.8-, 2.1-and present upstream of 331 bp. One of the prime pharmacological effects of HDAC inhibitors is an increase in acetylation of core histones (22) . Moreover, accumulating evidence suggests that acetylation and of core histones in Caco-2 and SW-480 cells, acid-extractable proteins were analyzed ( Figure 3 ). As reported previously deacetylation of histones play significant roles in the regulation of transcription in eukaryotic cells (23). To ascertain whether (24), histone 4 (H4) exhibits the best resolution among histones. After FBS treatment H4 was in the unacetylated form in both treatment with NaBT, TSA or HC toxin leads to acetylation in lanes 1, 5-7 and 9. Except for lane 4, which is adjacent normal tissue, 15-LO-1 expression and histone acetylation evaluated by detection of acetylated H4 appear to be linked. Moreover, the tissues with higher expression of 15-LO-1 also showed greatest expression of acetylated H4. differentiation, when 15-LO-1 expression is observed. Thus, expression is tightly regulated and appears to be associated with cell differentiation. Treatment of colorectal cells with HDAC inhibitors causes differentiation and apoptosis in CacoCaco-2 and SW-480 cells and a single band was detected. Incubation with NaBT, TSA or HC toxin for 20 h led to a 2 (8) and SW-480 cells (data not shown) and increases expression of 15-lipoxygenase at the transcription level, suglarge increase in the tri-and tetra-acetylated forms of H4 and thus several additional bands were observed in the H4 region. gesting a possible relationship between histone acetylation, regulation of 15-LO-1 expression and cell differentiation/ This observation indicates that incubation with the HDAC inhibitors increased acetylation of histones in Caco-2 and apoptosis.
Histone acetylation is associated with transcriptional activity SW-480 cells.
We next evaluated whether the histones are acetylated in in eukaryotic cells (27) . Recently the relationship between histone acetylation and transcription regulatory mechanisms colorectal tissues that express 15-LO-1. Expression of 15-LO-1 and acetylated H4 were measured by immunoblotting as has been clarified (23,24). Acetylation occurs at lysine residues on the N-terminal tails of histones, resulting in alterations in shown in Figure 4 . Seven surgical samples, four from adjacent normal tissues (lanes 1-4 in Figure 4 ) and three from colorectal nucleosomal conformation, thus increasing the accessibility of transcription regulatory proteins to chromatin templates (28) . carcinoma tissues (lanes 5-7 in Figure 4 ), from patients with colon carcinoma were examined. Total proteins and histone It is unclear why a particular gene is transcriptionally regulated by histone acetylation. A specific transcription factor must be fractions isolated from FBS-and NaBT-treated Caco-2 cells served as negative and positive controls (lanes 8 and 9 in considered an important player in this regulation. The 5Ј-flanking region from -331 to -23 is important in activation of Figure 4 ). 15-LO-1 was expressed in the samples in lanes 1, 4-7 and 9, while acetylated H4 was detected in the samples the 15-LO-1 gene by HDAC inhibitors in both Caco-2 and mRNA and protein with epitopes of oxidized low density lipoprotein in SW-480 cells (Figure 2 We have previously demonstrated an~2-to 3-fold higher 
